Promising loci of VNTR for typing Beijing family TB

In VNTR analysis, the frequency of copy number
conversion at each locus remains unclear. The copy
number was found to be changed at VNTRs 3232 and
3690 (Iwamoto ef al, 2007) when the cloned isolate was
cultured for 7-23 months. Furthermore, one repeat
difference has been reported at MIRU-26 (Savine et al.,
2002). In these cases, conversion of the copy number was
found at a single locus. Other reports have described that
the copy quantities of VNTR changed at multiple loci
(Supply et al, 2006; van Deutekom et al, 2005). The
frequency of conversion of tandem repeats depended on
each locus. Therefore, the accumulation of data related to
the stability of each locus is a task of pressing urgency.

The TB isolates without epidemiological links were clearly
classified according to differences of VNTIR profiles
(Oelemann et al, 2007). It is impossible to conclude
whether two strains are derived from the same origin, or
not, merely by VNTR analysis when a difference of copy
number is observed in one or two loci. When more detailed
typing is required in a survey IS6110 RFLP or other loci,
including hyper-variable regions in the VNTR, might be
used.

Molecular epidemiological analyses are useful both for
transmission surveys and population-based retrospective
studies. A recent report described that up to 14% of the
strain clusters identified by IS6110 RFLP analyses might
include false clustering (van Deutekom et al, 2005).
Apparently, true TB genotyping clusters are obtainable
through VNTR analysis because it can analyse M.
tuberculosis objectively when suitable loci are selected.

For the present PCR platform, analyses of 8 or 12 samples
are convenient. Herein, we propose this 12-locus VNTR as
a useful means for TB genotyping where Beijing strains are
prevalent. This is one report proposing new VNTR loci for
Beijing strains. These loci do not represent a final decision.
Additional loci can be chosen for TB genotyping in VNTR
analysis if further discrimination is necessary. In addition,
when the four loci selected here (VNTRs 2074, 2372, 3155
and 3336) are added to 15-locus VNTR (Supply), both
genotypes of Beijing and non-Beijing can be analysed.

In this report, we propose new combinations of loci for
VNTR analysis for the Beijing family. Furthermore, this
study shows that JATA (12) VNTR has higher discrim-
inatory power than 1S6110 RFLP. However, the stability of
each locus in VNTR analysis remains unknown. To obtain
accumulated data, additional experiments are necessary.
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We have reported previously that recombinant BCG Tokyo (Ag85A) (rBCG-Ag85A[ Tokyo]) shows promise
as a tuberculosis vaccine, demonstrating protective efficacy in cynomolgus monkeys, As a next step,
rhesus monkeys were utilized because they are also susceptible to Mycobacterium tuberculosis and show
a continuous course of infection resembling human tuberculosis. The recombinant BCG vaccine (5 = 10°
CFU per monkey) was administered once intradermaily into the back skin to three groups of rhesus
monkeys, and its protective efficacy was compared for 4 months with that of its parental BCG Tokyo
strain. Eight week vaccination of the monkeys with rBCG-Ag85A|Tokyo] resulted in a reduction of
tubercle bacilli CFU (p < 0.01) and lung pathology in animals infected intratracheally with 3000 CFU
H37Rv M. tuberculosis. Vaccination prevented an increase in the old tuberculin test after challenge with
M. tuberculosis and reaction of M, tubertulosis-derived antigen. Thus, it was shown that even in rhesus

monkeys rBCG-Ag85A|Tokyo] induced higher protective efficacy than BCG Tokyo.

© 2008 Elsevier Ltd. All rights reserved,

1. Introduction

Tuberculosis (TB) still remains a major health problem affecting
millions of people worldwide. The only TB live attenuated vaccine
currently available is Mycobacterium bovis BCG. However, the effi-
cacy of BCG against adult pulmonary tuberculosis still remains
controversial.”™ Thus, development of a better TB vaccine is
urgently required in order to counteract the global threat of TB.

Several TB vaccines are currently being tested using various
models®? and several recent reviews have been published.!®-!3
These include recombinant BCG vaccine expressing Ag85B,
recombinant modified vaccinia virus Ankara expressing Ag85A, TB
polyprotein vaccine, Mth72f, ESAT-6 subunit vaccine, auxotrophic
vaccines for TB, and recombinant BCG overexpressing major
extracellular proteins (rBCG30). Although there have been few
reports on the efficacy of TB vaccine candidates in cynomolgus
monkey models due to the lower availability of monkey P3 facili-
ties, a few papers have described the use of primate models.
Vaccination of cynomolgus monkeys with Ag85B-ESAT-6 report-
edly induces protective immune responses.® DNA vaccine

= Corresponding author, Tel.: +81 42 483 5075; fax: +81 42 492 4600,
E-mail address: sugawara@jata.orjp (1. Sugawara).

1472-9792/$ - see front matter © 2008 Elsevier Ltd. All rights reserved.
doi: 10.1016/j.tube.2008.09.008

(HSP65 + IL-12/HV]) as well as 72f recombinant BCG provide better
protective efficacy in cynomolgus monkeys.">

We have previously reported the protective efficacy of a TB DNA
vaccine (Ag85A) and a recombinant strain BCG Tokyo (Ag85A) in
small-animal models challenged with M. tuberculosis Kurono
strain.’®17 We found that recombinant BCG Tokyo was better than
Ag85A DNA in terms of protective efficacy against M. tuberculosis.®
The spleen tissues from guinea pigs vaccinated with rBCG-AgB5A[-
Tokyo] or Ag85A DNA expressed [FN-y and I[-2 mRNA at signifi-
cantly high levels.® This finding prompted us to explore further the
efficacy of rBCG-Ag85A| Tokyo] in cynomolgus mankeys.'® We chase
cynomolgus monkeys because this animal is reportedly protected
more efficiently than rhesus monkeys by BCG vaccination.'®
Previous studies have shown that whereas the rhesus macaque is
highly susceptible to M. tuberculosis, the closely related cynomolgus
macaque is mare resistant. Thus, we thought that cynomolgus
monkeys would be more efficiently protected by BCG vaccination
than rhesus monkeys and therefore afford a good experimental
model for the evaluation of new TB vaccine candidates. When we
used cynomolgus monkeys, we found that rBCG-Ag85A[Tokyo|
induced higher protective efficacy than the parental BCG Tokyo.™

There are still pros and cons for the experimental use of rhesus
monkeys using BCG TB vaccines.'*#"*24 Barclay et al. have repor-
ted that a high level of resistance to infection could be induced by
BCG vaccine in the rhesus monkey, which in nature is highly
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susceptible to tuberculous infection. Janicki et al. have demon-
strated high immune responses in rhesus monkeys after bacillus
Calmette-Guerin vaccination and aerosol challenge with M. ruber-
culosis. However, Langermans’ observation that BCG does not
substantially rhesus monkeys from pulmonary M. tuber-
culosis infection contradicts earfier studies. It may be due to the
Iﬁgherumlmwbsisdullenpdmeﬂutrmuudmdmadim
comparison between cynomolgus and rhesus monkeys. There are
few reports of the use of TB vaccines in rhesus monkeys.25
However, it is worth using rhesus monkeys in TB vaccination
studies because cynomolgus and rhesus monkeys are closely
related phylogenetically. As a next step, therefore, rhesus monkeys
were utilized to see whether or not this rBCG-Ag85A[Tokyo] has
promise as a TB vaccine, Even in cynomolgus monkeys, this vaccine
induced higher protective efficacy than BCG Tokyo.

2. Materials and methods

2.1. Construction of recombinant (r)BCG Tokyo
(rBCG-Ag85A[Tokyo])

rBCG-AgB5A(Tokyo] was constructed as described previously.'®
Briefly, the Ag85A gene was amplified by PCR and subcloned into the
pCR4 vector. The presence of the AgB5A gene was then confirmed by
DNA sequencing. The gene was inserted into the pBBN vector
(AgBSA-HA) possessing a hemagglutinin (HA) tag atits 5’ end. At this
stage, the Ag85A-HA was expressed in E coli, and then the Ag85A-
HA gene was introduced into the downstream region of the pHPS
integration vector. The vector was then electroporated into BCG
Tokyo. The resulting transformants (rBCG-Ag85A[Tokyo]) were
cultured individually and the content of the extracted lysate that
contains Ag85 protein was confirmed by Western blotting.”

2.2, Bacterial strain

Mycobacterium tuberculosis H37Rv (ATCC 25618) was passed
through mice and grown once in 7H9 liquid medium before titra-
tion and storage in aliquots at —85°C. The culture strain was
filtered through a membrane filter (4-um pore size; Millipore,
Bedford, MA, USA) before use to ensure even dispersal.

2.3, Monkeys

A total of 15 rhesus male monkeys (Macaca mulatta) (8-9 kg,
6-8 years old) were used. They were purchased from Laboratory
Animal Center, Academy of Military Medical Sciences, Beijing.
China. All animals were housed at the animal biosafety level (ABSL)
3 facility of Wuhan University, Wuhan, China. The animals were
studied in groups of three. Before the start of the studies, all
animals were examined clinically and radiologically, and tuberculin
skin-tested. For intratracheal challenge, animals were anesthetized
with ketamine. Prior to commencement, the experiments were
reviewed and approved by the Wuhan University ethics committee.
‘We used a ketamine anesthetic for euthanasia.

2.4. Inoculation of monkeys

The monkeys were randomly assigned to three groups. Group |
(three monkeys) received one intradermal injection of 5 x 10° CFU/
ml rBCG-Ag85A[Tokyo]. G 2 (three monkeys) received one
intradermal injection of 5 x 10° CFU/ml BCG Tokyo. BCG Tokyo was
kindly supplied by Dr. §. Yamamoto. Group 3 comprised of three
unvaccinated monkeys that received physiological saline as a control.

The other six monkeys in three groups were followed up for
10 months to investigate long-term survival after vaccination and
subsequent infection with H37Rv.
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2.5. Intratracheal infection of monkeys

Eight weeks after vaccination, the animals were challenged by
intratracheal instillation of 1 ml (3000 CFU) of H37Rv M. tubercu-
losis. All animals were challenged on the same day with the same
preparation, and were then observed for 4 months after infection.
As PPD (0.5 pg/ml) did not give better positive results for the
monkeys, old tuberculin was used. The old tuberculin test (Chemo-
Sero-Therapeutic Research Institute, Kumamoto, Japan) was carried
out 1, 2 and 3 months after infection.® Briefly, 0.1 ml of old tuber-
culin solution was injected intradermally into the left palpebral
skin and 0.1 m! saline was injected intradermally into the right
palpebral skin. Two days later, swelling and redness on both sides
were compared and the diameter of redness was measured. All
animals were housed in animal biosafety level (ABSL) 3 facilities.

2,6. Animal care

After infection, animals were observed daily by the animal
caretakers for changes in behavior, eating and coughing. Weight,
erythrocyte sedimentation rate (ESR) and temperature were
recorded at times of blood sampling. Body temperature was
measured rectally.

2.7. Immunological examination

Blood from the femoral vein was used to obtain serum. TB Dot
assay (Shanghai Upper Biotech and Pharma Co., Shanghai, China)
was carried out in accordance with the instruction sheet ed
by the manufacturer to evaluate M. tuberculosis infection.™ This Dot
assay detects 38 kDa antigen derived from M. tuberculosis.'®

2.8. Bacterial enumeration

For the unvaccinated monkeys, 10 samples from the upger and
lower lobes of the lung, and also spleen tissue, about 0.5 cm” in size
were taken randomly at necropsy. For the vaccinated monkeys, 10
similar samples were taken randomly at necropsy. After being
weighed, the samples were combined, homogenized and serially
diluted with physiological saline. For the vaccinated groups,
pyrazinamide (200 pg/20 pl) was added to determine BCG Tokyo-
derived colonies (background count). To examine M. tuberculosis-
derived colonies, the background count was subtracted from the
number of colonies.'” The lung and spleen tissues were weighed
and the results were expressed as CFU + SD/g organ.

2.9, Histopathology

As soon as the unvaccinated monkeys died, they were frozen
immediately in a deep freezer. Necropsies were undertaken on the
same day for the unvaccinated frozen monkeys and the vaccinated
monkeys after euthanasia. The removed organs were fixed with
15% formalin for 10days. Tissue sections from paraffin blocks
containing lung, spleen, hilar lymph nodes and liver were stained
with hematoxylin and eosin or the Ziehl-Neelsen method for acid-
fast bacilli. The severity of pulmonary lesions was judged inde-
pendently by two experts in a blind manner (1S. and 5.M.).

2.10. Staristical analysis

We performed analysis of variance (ANOVA) for repeated
measurements using the baseline results at screening as a covariate
on log-transformed data to compare between groups.
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3. Results
3.1. Clinical course

The rhesus monkeys vaccinated with rBCG-Ag85A[Tokyo| or
parental BCG Tokyo and their non-vaccinated controls were infec-
ted intratracheally with H37Rv M. tuberculosis. Three rBCG-
AgB5A[Tokyo]-vaccinated monkeys and two BCG Tokyo-vaccinated
monkeys survived until the time of necropsy. Furthermore, when
we followed up the rBCG-AgB5A[Tokyo)-vaccinated and BCG
Tokyo-vaccinated monkeys (twofexperimental group) for
10 months, only vaccinated monkeys survived till the time of
necropsy. No coughing was observed in the animals after challenge.
None of the vaccinated animals gained weight during the infection
period. Their ESR was within the normal range (1-2 mm/h). None
of the non-vaccinated animals showed an appreciable increase in
body weight. Two of the monkeys (4 and 5) showed a gradual
decrease in weight (50g). The three non-vaccinated control
animals showed a severe decrease in weight of 500-1000 g, and
their ESR was higher than the reference value (18, 35 and 40 mm/h)
(Table 1).

On radiographs of the chest, the non-vaccinated animals
exhibited early development of multilobar pneumonia in the right
lung and rapid progression to bilateral pneumcnia. Lobar consoli-
dation and atelectasis in the involved lungs and hilar lymphade-
nopathy were observed frequently in the non-vaccinated groups
(Table 1).

In the vaccinated groups, pneumonia was slight to mild

(Figure 1).

3.2. Immunological responses

Two immunological methods (the old tuberculin test and serum
tuberculosis diagnosis) were utilized to clarify the severity of M.
tuberculosis infection. In the vaccinated monkeys two months after
infection, the old tuberculin test gave a positive result In the non-
vaccinated animals 1 day before death, the reaction was strongly
positive and marked palpebral reddish skin swelling was observed
and the sizes of redness were measured (Table 1),

The TB dot assay gave a negative result in all vaccinated and
non-vaccinated animals 1 month after infection. However,
2 months after infection, the result was positive in the vaccinated
monkeys, and strongly positive (2+) in the non-vaccinated
monkeys (data not shown).

Table 1
Summary of the rhesus monkey experiments.
Monkey Vaccination Lung ESR Sizevofold Chest X-ray
No. histopathology  (mmjh, tuberculin  before
2 months) (mm, death or
1month)  necropsy
1 Rec BCG Pneumonia 2 13 Pneumonia
Granulomas
2 Rec BCG Pneumonia 2 ” Pneumonia
3 Rec BCG Pneumonia 2 12 Pneumonia
4 BCG Tokyo  Pneumonia 2 15 Pneumonia
Granulomas
5 BCG Tokyo  Pneumnonia 1 18 Pneumonia
Granulomas
[ BCC Tokyo  Pneumnonia 2 15 Pneumonia
7 Saline Granulomas 35 3 Consalidation
Pneumonia
8 Saline Granulomas 18 28 Consolidation
Pneumonia
9 Saline Granulomas 40 7 Consolidation
Preurnania

Rec BCG; recombinant BCG.

3.3. Gross pathology and histopathology of the vaccinated and non-
vaccinated monkeys

At necropsy, all unvaccinated animals showed extensive hilat-
eral lung pathology characterized by the presence of multiple
granulomas. These granulomas showed conglomeration to larger
caseous areas, especially in the hilar region, Granulomas were also
present in the liver and spleen. In the vaccinated animals, a few
small granulomas were evident. but these showed no caseous
changes. Small liver granulomas were not observed in the
recombinant BCG-vaccinated monkeys, but were evident in BCG-
vaccinated monkeys. One BCG-vaccinated monkey died after
59 days after infection, but the cause of death was not due to
advanced tuberculosis at necropsy. Three non-vaccinated monkeys
died of advanced tuberculosis 46, 49 and 58 days after infection.
These were frozen just after death and necropsied for further
examination.

On microscopic examination, the non-vaccinated animals
showed multifocal, coalescing granulomas with central necrosis
and pronounced cellular infiltrates in the periphery (Figure 2). The
vaccinated animals showed markedly less severe histopathology. In
particular, the peripheral inflammatory cell infiltration suggesting
severe pneumonia was notably more pronounced in the unvacci-
nated than in the vaccinated animals. No multinucleated giant cells
were recognized in the granulomas, Histological examination of the
three animals that had received the recombinant BCG (Ag85A)
showed almost normal lung tissue without granulomas in two of
them. The remaining vaccinated animal showed a solitary small
granuloma without central necrosis. Two BCG Tokyo-vaccinated
animals showed a single small granuloma (Table 1). One BCG
Tokyo-vaccinated monkey died 59 days after infection, but the
cause of death was not due to advanced tuberculosis as evaiuated
by histological examination.

34 Replication of tubercle bacilli in the lung and spleen tissues of
vaccinated and non-vaccinated monkeys

At autopsy, 10 different samples of lung and spleen tissue were
taken for determination of CFU. Background culture CFU of BCG
Tokyo or rBCG-Ag85A| Tokyo| after addition of pyrazinamide to the
tissue homogenates was one or two. The lung tissue of animals
vaccinated with recombinant BCG showed a significant 10-fold
decrease in the number of bacteria compared with the
non-vaccinated animals (p < 0.01). The number of CFU in BCG
Tokyo-vaccinated animals after 16 weeks of infection was reduced
10-fold relative to that in the non-vaccinated animals (p < 0,01),
There was a statistically significant difference in the number of
pulmonary CFU between recombinant BCG-vaccinated and BCG
Tokyo-vaccinated animals (p < 0.01) (Figure 3).

A similar tendency was also observed in the number of splenic
CFU. The spleen tissues of animals vaccinated with recombinant
BCG or BCG Tokyo showed a significant 100-fold or 10-fold decrease
in the number of bacteria compared with the non-vaccinated
animals (p < 0.01), There was also a statistically significant differ-
ence in the number of splenic CFU between recombinant BCG-
vaccinated and BCG-vaccinated animals (p < 0.01).

4. Discussion

Although there are advantages and drawbacks to the use of
rhesus monkeys for evaluation of TB vaccines, we have demon-
strated that vaccination of rhesus monkeys with recombinant BCG
(Ag85A) (rBCG-AgB5A|Tokyo]) induces protection against intra-
tracheal infection with H37Rv M. muberculosis. In addition to
measurement of protection in terms of reduction of bacterial
number andfor lung pathology, we have also shown that
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Figure 1. Chest radiol after challenge with HI7Rv M. uberculosis. (A) Rhesus monkey (No. 3) vaccinated with rBCC-AgE5A[Tokyo|. Left, before infection. Right,
mmmmm:x—mmm{ﬂwlmumldzybemmsylslmsmy(m 6) vaccinated with parental BCG Tokyo. Left, before infection. Right, after infection.
mmxmpiﬂmtmhl]mshlmlﬂlrbﬂmnmw (C) Non-vaccinated monkey (No. 8) 2 days before death (right). Left, before infection. Right, after infection. After
H3I7Rv challenge, the non-vaccinated U rapidly d i ive bronchop jia. Many nodular shadows ( -+ ) were recognized, but the vaccinated monkeys had
negative chest X-ray findings 3 months after HI7Rv rh.-nnm
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| with rBCC-AgASA| Tokyo| (A). BOG Tokyo (B) of non-vaccinated control which
are ded ly by a dense infiltrate of epithelioid macrophages and
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Figure 2. Histopathology of lung tissues from M. tuberculosis-infected rhesus key

died 58 days after i cheal i (C) at psy. The granuloma with ¢ i
lymphaocytes {C), but in the vaccinated beeys i irial p

recombinant BCG vaccination prevented the development of
a number of important clinical and immunological changes during
infection. These changes included an increase of the ESR and the
development of strong immune responses to a wide spectrum of
mycobacterial antigens (old tuberculin). When we inoculated
monkeys once with 5 x 10° CFU rBCG-Ag85A[Tokyo]. there was
a significant reduction of CFU in lung and spleen tissues compared
to that in BCG Tokyo-inoculated monkeys.

When parental BCG Tokyo was used for vaccination, we found
several grayish tubercles in the liver in two of six monkeys, but no
such tubercles were evident in monkeys vaccinated with recombi-
nant BCG. Moreover, there was a significantly lower number of CFU
in lung tissues of monkeys vaccinated with recombinant BCG than
in monkeys vaccinated with BCG Tokyo (p < 0.01). Taken together,
the results suggest that the recombinant BCG bearing the intro-
duced AgB5A gene gives better protective efficacy than BCG Tokyo.
In order to evaluate the efficacy of the Ag85A antigen carefully, it
was necessary to lower the dose of recombinant BCG. This time we
used 5 x 10° CFU. which was one fourth of the dose used for cyn-
omolgus monkeys. Again, rBCG-AgB85A[Tokyo| was effective in
protecting against rhesus monkey tuberculosis.

In cynomolgus monkey experiments, many small nodules
(macroscopically yellowish nodules) were seen throughout the
entire lungs, indicating the presence of miliary tuberculosis.
However, in rhesus monkeys, pulmonary consolidation with larger
nodules was a major feature, It is suggested that rhesus monkeys
are more susceptible to M. ruberculosis than cynomolgus monkeys.
We carefully examined the lung histopathology of the vaccinated
and non-vaccinated rhesus monkeys, but no multinucleated giant
cells were observed. This is in sharp contrast to the previously

[

-3

Log10 cfu/gram organ
-

Ssne BCG Tolyo recomb. BCG Saline
Lung
Figure 3. CFU counts in lung and spleen tissues per gram of HI7Rv M. tuberculosis-

infected rhesus vaccinated with BCG Tokyo or recombinant BCG Tokyo
(AgB5A). and in non-vaccinated controls, * significant difference at p < 0.01.

BCG Tokyo recomb BCG
Spleen

ia s evident (A and B). »20. Hematoxylin and eosin

stain.

reported study.'® We have examined granulomas of mice, rats and
guinea pigs infected with M. ruberculosis, but did not observe
multinucleated giant cells except in [FN-y-deficient mice infected
with BCG Pasteur?” Although IFN-y plays an essential role in
formation of multinucleated giant cells, its exact role remains
unknown,

The TB dot assay. which targets the 38 kDa antigen from M.
tuberculosis, gave a negative result 1 month after infection, but
a positive one 2 months after infection in rhesus monkey as well as
cynomolgus monkey experiments. Therefore, care is needed when
diagnosing tuberculosis in the early phase. The old tuberculin rest
may be more useful for diagnosis of early-phase TB. We were
able to measure Ag85 antigen in sera of the rBCG-AgBSA[Tokyo)-
vaccinated monkeys by ELISA (data not shown).

We selected Ag85A as a promising immunogen because the
protein from M. tuberculosis induces significant humoral and cell-
mediated immune responses.?®?? The expression levels of IFN-y
and [L-2 mRNAs were increased in spleen tissues from guinea pigs
that had been vaccinated with parental BCG Tokyo, recombinant
(r)BCG-AgB5A[Tokyo], and Ag85A DNA vaccine. Among them, the
expression levels of IFN-y and IL-2 mRNAs were the highest after
vaccination with rBCG-Ag85A[Tokyo]."” Furthermore, the sera from
the rBCG-Ag85A[Tokyo|-vaccinated guinea pigs were significantly
reactive with the Ag85A peptide we used in our previous study
(data not shown). We have shown previously that vaccination with
AgB5A DNA twice by gene gun bombardment or with rBCG-
Ag85A[Tokyo] once significantly reduced the severiry of pulmonary
pathology and the number of CFU in guinea pigs."®"7 When the
immunogenic synthetic AgBSA peptide was further used as
a booster together with recombinant BCG (Ag85A), lung pathology
was improved significantly, together with a significant reduction in
the number of pulmonary CFU." Although a single intradermal
inoculation of 5 x 10° CFU BCG (Ag85A) was enough to induce
protective efficacy in the present study, it would be desirable to use
AgB5A peptide as a booster, AgB5B-ESAT-6 fusion protein and 72f
fusion protein in combination with recombinant BCG Tokyo
(AgB5A) to achieve much better protective efficacy.®"7

Several promising TB vaccine candidates are now available after
verification in monkey experiments. We plan to perform a global
multicenter study of the TB vaccine thus chosen using the same
experimental protocols after TB vaccine researchers have evaluated
their TB vaccines and selected a promising one on the basis of
consensus.

In summary, we have shown in a series of primate experiments
that vaccination of primates (rhesus and cynomolgus monkeys)
with rBCG-Ag85A[Tokyo] induces good protective immune
responses. Using the rhesus monkey challenge model, further
optimization of the dose should yield levels of protection that are
better than those achieved with recombinant BCG,
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INH £ RFP#{EizimA . fluoroquinolone @4
i biES®ETSHS KM, AMK, CPMDOH D 1 #]
2 RL S XDRTBEFLAEEH SR T
VWh, XDRTBOF— #1235 A EH 6HME S h,
thie - Wa—o w28, XM, 7V 7HEDLHEE
SN/ XDR-TB¥IIEHTHAH. ThHoEET
12 MDR-TB D #| & & 84 72 vy, MDRTB $0
XDR-TB O #I &1 11 #E® 0% 6 H A 30% D #
HTH5bH, MHEIEMDRTBHENHVIHY KX |



EHEETHY, 9 #ELSHE SN/, MDRTB
$DXDR-TBOW A28 10%, 7L AT D 4%H
LIAM=TD2U%DEETH -/ XDR-TBHE
EEALLE, ZRESEEOREICOVWTIEES
MEEE T TwW VW L L5EBRERED
Fryv o LETH B,

I. ERMEZNABESICLD
BEDOEATEHZORE

HUBEFERRE 22~ 5FBIZLERMTE
FHBEEORELIT-oTE . MRIE—FHMI
HEREMRERRESBMERICARLAHERES
L MRS E TR TSN HITH
Bo SCSTH1997T4EL 2002 2T h - HE"
iZowTid T 5,

I-1. B & TEHE

1997 FOMEICLE D 73Kk EBML, B
1,644 Bl 6 DEEHBAHHF S, ThidEmRR
BTSN AW 16.1% 2%+ %, 1,644 1
DT 1,374 $i (83.6%) (2 AIEIEHRE S HTRES R
THETH D, 264 ¥k (16.1%) 1ZBEGHEIA & S HE X
N TH o7z, 2002 EOPAIZIL 9 MAEHEM
L. B3 122 OB EN AN, JHIZHB
D 32.9%iIc MY+ 5, 312280 T 2,705 %
(86.6%) (XHEHEAFITH D, 417 ¥ (13.4%) (2BE
GNP ThoTe,

I-2. ¥EERE & BAR P O 145 E

MEEBRFAIZOWTARL E, 1997 FOMETIE
FEAFMOWTFR T AFREHE IR 10.3%.
MDR 2 08%TH -7 (%6), SM it (7.5%) A7

L# <, PWTINH#E, RFP#tE. EB Wt
T -7z WHO/IUATLD » 6 8&F S 172 1996 ~
1999 EDRIE L IZIZFROBETH - 72, 2002
FEOMETIX, AFOVTRMICHT HREHEIZ
8.8%. MDRIZ0.7%TH Y, 5EMOBEIZ LA
FThoOERICHTIREHELET LYW (P<
0.05) 4

EEHRFAICOVWTADE, 1997 FOBWETCHTA
POEF AT HREBEIL 42.4%. MDR 13 19.7%
THholzo T2002E0RETIEENFN 25.4%.
98%THorz, MEIGHRFIZESFEIIHVHE
Thh. Thoo LiHEGEHRA Iz AKY» %
WE-Tw 3,

1997 EDOPE T, MEIGHREIIZB 5 RFP FHE
B84 2% HBOEH ST HRETHD. 63.2%
12 MDR T&h o720 2002 ENOMET S 82.1%I3 M
DEFFETHD, 67.9%IMDR ThHo7: Th
HEDOZ L, RFPEfERRMICAET 5 2 L AR
REMETALTEETHAZLERBL TV,

I-3. ¥AWMEODE L MRS T BT

A 1 2 AR A1 1996 SE (T AHRIEE A & 1
REILE b2 T En b, 1996 ELROF— ¥ &
FhUBROLOEHMICHBTEIEIETELZ W,
1992 FE "' & 1997 EOMERME /=L &, INH
lug/m OBFETHLE 1.5%2 6 25%2 LA LT
Wiho FARFPIZOWTAD L 1992 D 0.7%21 5
1997 4E i 14%IC LR L Twize CThe6o BRI
BEEVEDLCEPLELETHAHIEVIE
RbH25, FULBREEREHVWAEHBEORKRLLE
HMORESLT XFLTWS, LML, 5%H& 2002
FEORMTIE, OB TLASAL L ICwTFho$
Flont T 2REBED 1997 EFOBEL LTKE

%6 HEOBERIBIERE, —~1 7 RER

1997 2002
NEGHY BER SnR | NEGE Bl Sl
INH 44 33.0 9.1 28 189 5.0
RFP 14 21.6 4.7 1.0 11.0 24
SM 75 242 103 7.0 14.4 79
EB 04 152 28 1.2 10.1 24
iRl oy 103 424 155 8.8 254 110
MDR 0.8 19.7 39 0.7 98 - 19
XDR 0.2 29 05
S 78 99
BEN 1,374 264  1,644° 2,705 417 3122

* 1,644 HOPT 6 MILHMETH
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DHENH SN T VA, 2007 FOMEICHRELT
FThh, TOHEREFLALV,
EHEEHE IR TERALR LY, TS
WO LEHITHME, BRM, A, k. &F
FRES RS L T2 AHELHVER
BMEH L OMMEAGR TV, DAETRFP XK
WM ICPRL 2019728 TH D, HHEEED
PTE—FHLOENTH L, 1997 EORMETIE
60 UL T OB EIC BT A WEIHEAEF O RFPE ML
1.3%. 60MLLETIZ1.4%TH D IZZFALEETH
A bhb,. BRELBVWTI(RLCHERET A
IIFELAE > TnE I EARBES A, LA L.
2002 £ DA TIL 60 MLLT @ 1.3%= 5t L 60 &Ll
LTI 085%IEF LT/, £/4INHESMIZD
WTh B0 RELLETid 60 ELT & l~HEICE#
HHETH-. ZOZEL, 0B LOBKE
DELRBRIZINEMLTWAI LEZRBLTYL
Do 19974 E 2002 D 2 2O WHEORVHME Z A
SRTVAINIDVTIRGHBRIT ALEN DL,

I BE 2 SRERE

Mcb i L5, ERMEREOLAD 2§
225 L CRELMEEORTELIEETH S,

I-1. 2HEBRE

FEFRHE AR, ABEREEZTCERT A
EAHBBEARIMT A L TMETRREL FETH
5o FRHEREE R P MR L LTS
2%, BERROBELFRO—DOThHAL, T8
BOHEELWLEFOREZHAZ LM BEOH
MR EREHEOHEND LTEETH S,

ZhEICRBEMBLEERAT A FF7 AICHREK
FTahEERCT &L, —HBOKEHETIATLAER
RS LEREMEERET A HEER T
5. BAETH WAE AR LS OREEN—&
Wik ofel b b, BERTOMELHRTIE
B 5 b EEM R BT S L HEERE
#stcRID T AR,

L OBRBETIRF— N - F—NEETHREL
Twh, BEFICHEShIREOHBREBEE
B%THb. RHDIOHBITWIETH Y, BB
2L OBMAELTWS (BEHBIZOWTIZ4~
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58) . HAEIBEFMETH), REL LMD
HwIkpbLEAEED L, METHEELUMIY
LIFLIEEEERET 20085 ), BRATEOEL
MHHIETHA, 200 FLATHELLL EHR
FiZ1fEbs I ENLUTORERF—V - 21—
YU ETHETAILEN DL, HAERBEELLT,
F—-73v0-0¥ 3y A-F3I70% T2
NSy Ly PEYHRSE, wTFhopeaEtH
WTLBERTEOREI CHBHEZEES L2 L
iEcakv,

-2 EWHE

l-2-1. N L

Fas RIS 2000 T B B O B LI
ELT, 4%KkEk+T by 7 AEIZEAN-TETF L
L-¥ A5 A4 » « kE{tF bV 4 (NALC-NaOH)
OEH 2. L2 L. NALCNaOH DA TIE
HIBR LA OHRENE L 55 EAYREE . #
HiRIH A58 2007 T1X NALC-NaOH | & 558k
FoMcRAETREELI TV FuFT —H
(SAP) LB MA 6z, OWEIIZFE— O
Ao cHETABSICbRIASND
A 20OMBELFMLAMLEYy PLTHRS
NnTwa,

M-2-2. HEfsEH

R EE CILEIRE O D b, B#te
ICS5HMOER»LELIMBEHMBAVRRESR. £
noik, BYIFS VB TAKFIL B Y
SuARE, MAFTYL, TAXOY)»O5HT
Hh, BXFLLYPANTALFIhTWE, IO
MEGERE L HEEROMBIIKELARE
L. BEDHFETIEAD 4 O TS THE S
hTwa  OAF#EMGIT (Mycobacteria Growth
Indicator Tube) & 42 B 8 BACTEC™MGIT 960.
@727 77—+3D,. @KRD¥EH#H "= F -7,
@it~ 4 37 ¥ v Fo BoMRICIZKE
A4 5 id, Middlebrook 7HY HLASE i % %
BLLELOTHD, FRLEVATLOBNIEIRE
Rowh gl b,

M-2-3. BEEE# 4 6 OHEE O 78

HifksE % £ & L 7> MGIT & X U° MB-Redox
SR CHME L RMERTISRLAY, HASE
HAERWAZ EIZE D, HETREZEEHOH 90%



FT7 HAOMIC LD 587 ERMEY L OHEE O3

SRR (%)"
SRE (n) MBRedox  MGIT  MBRedox
MEB-Redox MGIT 2% Il PN N +MGIT
&M (133) 115 (865) 122 (1.1 87 (654) 124 (932) 128 (96.2) 129 (97.0)
MOTT (70) 62 (88.6) 63 (90.0) 46 (65.7) 66 (94.3) 64 (91.4) 69 (98.6)
Bt (203) 177 (87.2) 185 (91.1) 133 (656) 190 (936) 192 (94.6) 198 (97.5)
* 5k REFRRE

& MOTT : i HEHME

ZEULTE A, MO EFRIL66%LHL N
EVWEMTH - oo MM R RAED
45T LIZED, FEEEXBRETLETFEI LAT
&3, BEEICHAEE LINEHE 1 KXY 2RV
AIERERLTVADEBIDSL I LERILT
Ho, MEATHIZIEELEEL VDI LR
AR, Q1EmE+ 2E8MIBEE. @2 EH#
i+ 1 EANIE S ERRA TR 2 L8
Hd,

I L AR ot £ TICET 5FHH
MIZ1I6HTHooDizx L. Mg TRRENRL
D1I0HZLETH D (%R8)., MMIIEHBELR
MEIC2VTH, MAEEO 11 BIZH LA
TR I9BLECHD, KEOCDC LB LUR
Bl - MEOHRY 21 BLAICHYEICHET<E
LLTHY, MEEREHVLZ L TEOHENGE
BENhS B,

T TICEMULTR S VAL o R R g
HEdS L ORI F TIo B+ % H #Mid MGIT 38X 0° MB-
Redox L% TH 5,

I-3. RSO EED

M L RN BE O RN OB B EWR
LMY MO O KETH L, HEUBEERR
RTH2MPBod 24 A/ 2uw b 75374 —TH
HEL2F+ ) 7TBFw b “" (AMETHD. %
B L MAGbEAZ L2 D, A GRS
Ik 15 5FLAPY) (RSB & e RS TR i R T
TEHATH2 (B2 %9).

AFESFRIGEAME L, RN EEOREH
BOHFEMN S HHSFRIUR L MM 2 HiEA MR
NESHIRSNB LS 2ot MEFEHVER
HIIBECHAEO A TENLFETH LA FE
LA R R - 2R RBREL LTV, £h
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88 HMEOMHITIELAFYEN

SRE W PHEY (EH)
MB Redox MGIT 2% I

W (80) 161 (3—42) 159 (3~44) 257 (7~62)
MOTT (42) 11.0 (4~50) 105 (2~53) 194 (4~70)
*3ROEROT<TTREEFLAATRERL .

MOTT : SEMiRttiumm

89 F+E¥)TTBILAHAER)IGD

BHEEORLRT
¥r2U7TB
(n)
L mit Y
S (50) 50 0
MOTT(57) 0 57
BaHE()* 1 0
Bt(108) 51 57

MB Redox # 7= IdMGITTH MG £ 7 L B A THROD0.Iml%
#NL. ¥+ YU TTBTREL,
*REER HHEEE M kansasii DESHR

B2 F+¢)7TBILLMBEEDRT

LORREERENIZHITTAZ ENLETH S,

- 4. HEHNEE

BRSE O BEBH S HBHEEAHVONE LS
kol BEBEOLH ITHMOBVEOBREIZIZ
HIHATH L. B CHERES v AR
NTHEN, Fv FHTERELSFREL HE LR
LK IR L L R SR Ty



10 HEBEEBRAEEORE L AL

wEE &) MTD Amplicor BD Probe ICAN TRC LAMP

B R BE NAS | BRE HRE| BRE BRE | BE SRS BE FRG

Abe (1993) 919 100

A (1994) 960 989

Carpentier (1995) 860 980

Ichiyama (1996) 100 993 | 978 989

Wang (1999) 986 994 9.1 100

Catanzaro (2000) 830 970

Scarparo (2000) 857 100 89.7 100

Bergman (2000) 938  99.8

Pierslmoni(2002) 880 992 945 996

linuma (2003) 935 100 935 987

&R (2003) 952 837 90.3 860

Takakura (2005) 805 100 722 100

Boehme (2007) 882  99.0

Pandey (2008) 100 94.2

MTD : Transcription-mediated amplification
Amplicor : Polymerase chain amplification
BD Probe : Strand displacement amplification

ICAN : Isothermal and chimeric primer-initiated amplification of nucleic acids

TRC : Transcription reverse-transcription concerted reaction
LAMP : Loop-mediated isothermal amplification

% (F10)e TROHOBELFREIZEF Y PHT
ZiFALNT, BHIBREIIRAS T BV os e
LE%THL.

EEMEE I C oW T, BARBERYREHE - e
#iE - BREREERHSRZERASRIAD LS 2
WhHEEHDHTWE",

1) FEIZWTR RIS L 2 REL 1 R~

BHRTITHII LI TES,
EHREEBEOSE, BEEHOS 2 THEM
IR A R RCER T 2L ENS
h, BEAFHEL 20 (MERIC X - TIZHE
M) CHREFBOILEEMIEEIC L S RER
HHTH 5,
HRPOEFORBREICIIERALZ V.

M. avium & M. intracellulare DHEIZD VT
MhTwa., BEEFBREOEE, £ {0k
TRk - BIEDH 2 { M. avium & M. intra-
cellulare DEEDVITTON TV 2 I EHIRE
BiEOBEHER L DML E 2 /- L 3128 FEE
HOBEOKREIZIIERTRETLV,
FRI19FEIATHHELN@ME»OHSh/R
PRicM 4 2% ET, Rio/-HOBEOEEBRED
EEAGER LT 3mEEtE, 22X L3EHOREIIE
BHEEOBRETLRVWELTE), GHRPOBRE
OFEBHEIIEERAL 20 E LEHASERZZD
AMLBLbEZNHENS, THIZREBHTT
EREVHIZEETLTVWAHDERS,

2)

3)
4)
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II-5. EAWDEHRE

SRS hHEEIERECREETHI Y
IDRAMLEREOBROLTEETH S, 1996
EICHFRHEEMES IR HA O ERBREERAEE L
LTINS EEEZRELL". XKED
NCCLS (National Committee for Clinical Laborato-
ry Standards, 3 Clinical and Laboratory Standards
Institute, CLSI) 4 38| 3 ¥ 87 12 Middlebrook
DEREH T LA ROEREFOTVAEY,
R E AR 2007 TNV EERICM A,
BACTEC MGIT 960 AST: v 2 a7 L — L% H
VAMICH: (YO A3 w2 MTB-1) D EiF7.
MGIT 960 AST & /IS0 F 3 4 EH O — B
I 95%LL L TH B (F11)™™, LAL. INHIZH
TAHRETCHA—HO#ERLTRTH, T42b5 MGIT
960 AST THE - DIERETRIEOKRNALR
AIihfitssht, T TEEGHTHESAL
M 1L,112 5@/ 2 2 A MGIT 960 AST T 96

%11 BACTEC™ MGIT 960 AST DM HE :
VINIIE:A: 322208 4 73

EH| MRAE HRYE Ltk —EE
INH-{E 100 93.4 96.7
INH-% 100 93.2 95.9
RFP 97.8 100 99.2
SM 913 100 96.7
EB 88.9 98.8 959

MGITECTHRONEL CICELAFHAKR T



231

%12 KEOATS 8 LU CLSIA R T 2 FHENREORF B ERE

EFBRIERE

M. avium mmplzx

MEHEIHT 2 EEMEIIEREL v,
F3, 337054 FOBRRIIERLLARCAMOREEZ T <2 TH 5,

VIO M |- RFPRAE & £ 17 . RFPREPITILRBT, EB, INH, CAMFQ,

WEERFAICCAMORE L 3R

Mkansasii  AMK SA% EEBEF~E Th,
M. marinum n— fzmﬁﬁﬁ&iﬂi!&w ﬁtﬂmu&miﬁﬁlﬂurnhﬁéy_
FOROARNE RERRTE ZMERMEELLL,

HEHE Y s B ERREE b,
ARRHE AMK.CFX, CAM, DOXY, FQ, IPM, Linezolid, SA. TOB FOREEIHT S

BEEFTS.

., DIEEET6HAINHEETH D, 30 Bk
F—HTh-o/2" CLSIM kL LTV 3 Mid-
dlebrook 7TH10 XM A FV S HBETH~- &
Z % 30 #kb 28 #k (93.3%) IZEETH Y, katG L
inhA B{ZFD5H 76 & MGIT 960 AST D{Z#tt
AEHE ALY, B, MILRETBREEREL
fToTWwaHRTIE, INHEZMHLHZShidh
ZH29%IEINHELAVRHEESFEThbI LI
b TOEHLELAWEER TRYEA I
B OB INH O WHERSHH» 29 »
ESEEH T2 4EN DS, MGIT 960 AST D&
HEREHEREIS~10BTHOALZ NG, ik
BERAWAZ LIZL NI RTORERKRLI0H
PRICESEICHRET D EAREL o720

AN % B D i 4 B X UF Mycobac-
terium kansasii \=X T A PEEEEORSHEL WD /2
WORFEETH ). Mycobacterium avium complex
e LIEMBHHABE O DOREHBREE TR
Ve KEIDOKE %% (American Thoracic Society,
ATS) & CLSI A48 L T D IS iR 0 18 5
HRELXZFI1I2IZRLA®®, ¥4bb, M avium
complex (22w T, #iHEOMEIIERES, »
72034 ¥ (CAM) DBREDHZITH. M
kansasii 122\ Tlt, RFP ORASBUARIGE & ML
TWAHIENGRFPOMESXT A, /4. RER
HHIZ2WTI, BN ICRLAHEEOREST
HBILEHHTVE,

BHYIC

1980 EAL DA 6 1990 SEX DBz AT T,
KETHBEOBRBEAMML 722, $10 HIV 8
HIRBEEIBHIF LV 2, MEOEFTARY
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B3 #BEMORECETHEM

Ztbbh, KEHRMEEL ¥ — (Centers for
Disease Control and Prevention, CDC) X35 (=
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I Thb,
OBFEOHERL 24 FMUAICHEYE ICHET S
OHEEFOSREFAEERY 21 BUAICHET S
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BT MR E VA LI ICED, @)k
IVT—TEBLI ol T/ EHMEHR
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b, BGEMICNA, MOMEXERINS, B
W OMEFZARED P TEARZIERE WETR
OBLBELVWEETHD, WEDR LELIZHAIC
Wt EA S L2 b2hdDh, YA PIEENEE
FHARDON S,
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